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THE m T  OF BLuNT-TRAILING-mGF: EUVONS ON THE 

A flight  program has been in progress  with  the N o r t h r o p  X-4 semi- 
tailless  airplane  to  hvestigate  the  effect on the longitudinal  and 
lateral  stability and control of thickened  elevons having trailing-edge 
thickness one-half the  control-hinge-station  thickness. The investi- 
gation  consisted of speed runs, wind-up turns, abrupt  rudder-fixed roUs, - and  longitudinal pulses between  Mach  numbers  of 0.63 and 0.94 at  pressure 
altitudes near 30,OOO feet. 

I 

By comparing  the  results with similar data.  for  the  original X-4 
with  conventional  elevon  trailing  edges,  it w a s  found that the longi- 
tudinal  control  deflection  necessary  to  maintain  level  flight was 
reduced 20 percent  at a Mach nmber of 0.64 and 60 percent  at a Mach 
amber of 0.84 by  the  thickened  elevon  configuration. The modified 
configuration  experienced only d and  relatively minor trim  changes 
until a nose-dam change w a s  encountered  at an approximste Mach number 
of 0.91; whereas  the  original  conffguration  experienced  several large 
trim  changes at Mach  numbers  between 0.74 and about 0.90. The normal- 
force  coefficient”&&  number boundary for  the  decrease  of  static 
longitudinal  stability was affected  little  by  thickening  the  elevons. 
Tfie longitudinal  control  effectiveness  of  the  modified  airplane  increased 
above a Mach nzmiber of 0.85 and decreased  rapidLy beyond a. Mach Iurber of 
about 0.90~ however, at approxhately 0.92 the  effectiveness is aa  great 
as at  the  lowest  test  speeds.  For  the  original airplane the  control 
effectiveness  decreased  rapidly  beyond a Mach  number  of  approximately 
0.87. Although  the  Mach number range of the X-4 FI.IIplane was extended 
because of this  improvement in control  effectiveness  at  high Mach num- 
bers,  the  safe  Mach nmber range was limited  to  about 0.92 by  initiation 
of a high-frequency  longitudinal  oscillation,  which  increased  to  danger- 
ous amglitudes (il.sg) as  Mach nmber was  increased  to  approximately 0.94 
(as permitted  by  the  modification).  The  initial  low-amplitude  oscilla- 
tion  occurred  at  the  same  Mach nmber for both original  and  modified 
configurations. 
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The la teral   control  was signif icant ly  improved  by the  thickened 
elevons. The attainable  helix angle per degree aileron was increased 
by 40 to  83 percent  throughout  the Mach number range, and the tinbe t o  
r o l l  t o  goo was reduced between 15 and 25 percent. 

INTRODUCTION 

The swept-wing Northrop X-4 airplane was constructed t o  obtain 
s t a b i l i t y  and control  information at transonic Mach numbers  on an air- 
plane  having no horizontal tail. Flight tests indicated that, among 
other  difficulties,  the  airplane suffered severe  reductions i n  longi- 
tudinal and lateral control  near M - 0.88 (ref.  1). A control 
effectiveness  investigation  (ref. 2) revealed that lateral control  for 
a comparable wing w a s  significantly fmproved through  reduction of the 
trailing-edge  angle by blunting  the  trailing edge. It was decided, 
therefore,   to f i t  the X-4 w i t h  similarly modified  control  surfaces t o  
determine whether flight results would r e f l ec t  improvements consistent 
w i t h  reference 2 and whether the modification would influence  the longi- 
tudinal s tab i l i ty   charac te r i s t ics  of the airplane. 

The investigation which followed covered the transonic Mach  number 
range t o  M FJ 0.94 and consisted of speed rum, wind-up turns, abrupt 
rudder-fixed  rolls, and longitudinal pulses a t  pressure  altitudes  near 
30,OoO feet .  The resu l t s  of the investigation are presented i n  this 
paper and are compared with the results f o r  the original  configuration. 

A2 normal acceleration, g units 

b w i n g  span, f t  

E wing mean aerodynamic chord, M.A.C., f t  

c 
*A 

airplane  nom-force  coeff ic ient  w&/~s 

rate o f  change of pitching-mcment coefficient with angle % l / d a  of attack, per deg, s t a t i c   s t a b i l i t y  parameter 

normal-force-curve slope, per deg 
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S&scripts: 

max 

L 

R 

acceleration due t o  gravity, ft /sec2 

pressure  altitude, f t  

thiclmess of elevon at  hinge-line statim, percent  chord 

Mach rider 

rolling  velocity,  r&ess/sec 

ambient  pressure, lb/sq ft 

wing-tip helix angle, radians 
aynamic pressure, 0 .e, lb/sq ft 

wlng =a, sq ft 

time,  sec 

time t o  roll to 90" bank angle,  sec 

true velocity,   f t /sec 

airplane weimt, lb 
angle of attack, deg 

angle of sideslip,  deg 

effective lateral control  angle, 8% - tiqif w3 

effective  longitudinal  control  angle, s q , + s e ,  deg 
2 

maximum 

l e f t  

right . 
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AlRpLANE AND INSTRUMENTATION 
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The general  physical  characteristics of the X-4 airplane are given 
in   t ab l e  I. A three-view drawing is  sham in   f igure  1 and photograph 
of the  airplane and the modification  appear i n  figures 2 and 3, respec- 
tively.  Figure 4 shows a profile  sketch of the modified  elevon. 

The elevons were modified by cementing balsa wood fillers to   the  
upper and lower surfaces so 8,s t o  provide  straight sided profiles having 
a trailing-edge  thickness of one-half the hinge-station  thickness. The 
surfaces were sanded  and lacquered t o  a smooth finish. This modifica- 
t ion  reduced the tratlhg-edge  angle from approximately 1g0 t o  8 O .  

The quantit ies  pertinent  to this study were recorded by standard 
NACA instrunentation  synchronized by a common timer. 

TESTS AND METHODS 

The longitudinal data presented in this paper were obtained from 
speed runs, longitudinal  pulses, and and-up  turns, that is, tu rns   i n  
which g is gradually Fncreased while speed is  held as nearly constant 
as possible. The lateral data were obtained from abrupt rudder fixed 
rolls. All maneuvers  were performed between Mach  numbers of 0.63 and 
0.94 at pressure altitudes of approximately 30,000 feet. Reynolds num- 
ber vazied between 12 x 106 and 25 x 1.06, based on the mean aerodynamic 
chord. The airplane  center of gravity  varied between 17 and 18 percent 
M.A.C. 

The airspeed  calibration used f o r  the present  investigation w a s  
determined by the method of reference 3. The values  of %/da were 
obtained, as in'reference 4, by using the period and damping of the 
airplane following longitudinal  pulses. 

RESULTS AND DISCUSSION 

Longitudinal  Stability and Control 

The variation of trim 6, Kith M for   l eve l   f l igh t  is sham i n  
figure 5.  For the thickened  elevon  configuration the variation of 
6, with M i s  stable and near ly   l inear   to  M r: 0.91 except for a 
neutrally stable region between M = 0.84 and M = 0.87. As Mach num- 
ber is increased above 0.91, a nose-dm trim change is experienced, 
which continues to M = 0.94, the lhit of the investigation. For the 
original  configuration  the  longitudinal  control  deflection  necessary 
fo r   l eve l   f l i gh t  is from 1' t o  more than 2O greater than for  the modi- 
f ied  configuration  for  essentially  the same center-of-gravity  location. 
For the  original  configuration  several  trim changes occurred. The most - 
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- pronounced of these were  nose-down trim changes occurring a t  M 5+: 0.74, 
0.85, and 0.9 and a nose-up trim change at M - 0.88. Modffication of 
the  elevons  ellminated  the trlm change a t  M f;r 0.74 and caused the trim 
changes at the  other Mach  rumibers to be much less  severe. - 

. 

In reference 1 it is reported  that the origfnal  configuration encoun- 
tered a region of s t a b i l i t y  decrease  (pitch-up) a s  moderately  high normal- 
force  coefficients were reached. T h e   h i s t o r i e s  of three representative 
turns f o r  the modified configuration  appear i n  figure 6. Figure 7, cross- 
plotted data from figure 6 ,  shows that at moderate lift values the  varia- 
t i o n  of 6, with a is linear; however, as lift fs increased, t h i s  
curve  breaks (d6eldU becomes less posit ive) and reference to the  corres- 
ponding time history  indicates accompanying re la t ive ly  high pitching 
velocities. The occurrence of the  break  in  the curve of 6, against a 
with the  relatively  high  values of 6 establishes  the  point of decreasing 
s tab i l i ty .  The points chosen from the  three  representative  plots  are 
indicated by flagged symbols in f i g u e  7 where it can be seen  that   the 
s t a b i l i t y  decrease occurs near s t a l l .  The reh t ionship  of 6, and u 
following  the  point of s t a b i l i t y  decrease does not represent  the true 
ai rp lane   s tab i l i ty  when excessive pftching acceleration i s  encountered. 
P i lo t  comments s t a t e  that flight beyond the  chosen s t a b i l i t y  decrease 
points i s  objectionable . 

The values of a and CN at w h i c h  the decrease i n   s t a b i l i t y  A 
occurred were taken from fi@;ures 6 and 7 and are plotted as functions 
of M in   f igure  8 along with s h i k  data for  the original  configura- 
t i on  from reference 1. As can be seen, the modified  elevon  conffgura- 
t i on  increases  the  stability  decrease boundary o d y  sli@;htly Over that 
of the original  configuration  f ig.  8, %A and M relationship); haw- 
ever, because this boundary is  near CN,, (ref. 5 )  w h e r e  a large change 

( 
--%&x 

i n  a results in a relat ively small change in the modiffed elevon 
provides an advantage tn angle of attack of 2O t o  5' fn the   s tab i l f ty  
decrease boundary re la t ing  u and M. The Ci boundary and the 

objectionable buffet boundary of the  original  configuration  are shown i n  
ffgure 8. Insufficient  data were available to determine CN fo r   t he  

modified configuration. 

n 

Amax 

Amax 

The variations of df&/da and d6 ~ C N ~  w i t h  Mach  number are sham 
in figures 9 and 10, respectively.  Since  the  values and the  variation of dC&/da with M are similar for  both  configurations, indicating the mod- 
i f ica t ion  had no effect on the law-lift s t a b i l i t y  of the ai", the 

EJ 
curves of ae/""pl plotted against M are representative of the  elevon 
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effectiveness  for  the two configurations up t o  M = 0.92, which is  the 
highest M value for  which dC,/da is known. Beyond M = 0.92 a 
portion of the apparent  control loss  may be a result of an increase i n  
s tab i l i ty .  The modified  elevon data.indicate an increase of control 
effectiveness between M = 0.84 and 0.89 and a sudden decrease beyond 
M = 0.90; however, at M values Fmmediately below 0.92 the  control 
effectiveness  appears  to be as great a s  a t  the lowest test speeds. The 
original-configuration sufYers rapid longitudinal-control l o s s  RS M 
is  increased beyond 0.87. As a consequence of this loss of control  for 
the original  configuration,  the unmodified airplane was limited t o  
M - 0.92, whereas M = 0.94 has been reached by the modified airplane. 

The variation of the  normal-force-coefficient  slope w:th Mach num- 
ber is shown in figure ll. The value of dC du fo r  the modified ele- 
von configuration  increases  gradually from about 0.04 t o  0.07 as M is 
increased from 0.65 t o  0.85. Beyond M = 0.85 there  are  insufficient 
data t o  establish an accurate faired variation of dCNA/d" with  M; hw-  
ever it appears that % d a  increases  rapidly with increasing M. Ln 
camparison dC~dda fo r  the original  canfiguration is at least 0.01 

greater  over the Mach number range w h e r e  the conffgurations  can be compared. 

N d  

A I  

The X-4 airplane,  original  or modified, has on four occasions * 
encountered  longitudinal  oscillations of about 2 cps a t  high Mach nu- 
bers. One of these oscil lations of low amplitude, obtained w i t h  the 
original  airplane, i s  discussed i n  reference 1. Three Oscillations of 
this frequency have been encountered with the modified airplane and two 
of these have reached dangerous amplitudes,  approximately kl..5g, 
( f igs .   U(a)  and 12 (b) ) .  These oscil lations  are shown because  they 
i l l u s t r a  e the dangerous char c t e r i s t i c s  of the airplane f o r  these con- 
ditio- C - 0.2, M - 0,947. The airplane-induced  crscillation shown 

i n  figure 12(a) increased  steadily in amplitude from about fO.3g t o  
approximately t1.6g. The amplitude  continued t o  increase  for 3 cycles 
beyond the  reduction i n  the longitudinal  control  deflection and the 
rapid reduction i n  Mach  number was the  factor which f ina l ly  induced 
damping. The pilot-induced  oscfllation of figure U ( b ) ,  of the same 
frequency, was in i t ia ted  by an elevon motion of f2O at a frequency of 
about 1- cycles  per second. The osci l la t ion continued with little 

demping fo r  10 cycles, finally reaching 9.5g. The relationship between 
pitching  velocity and r a t e  of r o l l  suggests lateral coupling i n  this 
case. The two oscil lations of this samer frequency, but of much lower 
amplitude, a b u t  to.%, were encountered at M = 0.92  and C N ~  = 0.2. 

NA 

1 
2 

Although the modified X-4 has reached M f~ 0.94, the safe limit fo r  this 
configuration is considered t o  be M = 0 4 2 ,  where the t o  -3g oscil lations 
are encountered. While the  high amplitude oscillations  are  not  the 
direct result of thickening  the  elevons,  the  delay i n  l o s s  of longitudinal 

. 



control  furnished by the modification extended the Mach  number range t o  
a point where dangerous amplitudes were reached. 

The region of occurrence for  these four oscillations  (2  cps) is 
sham i n  figure 13. Figure 1-3 also shows the complete usable CN*,M 
envelope of the X-&; and in   addi t ion this f igure   i l lus t ra tes  that 
although the loss  in longitudinal  control has been delayed by the 
thickened  elevons,  the inftial Mach  number f o r  occurrence of the 2-cps 
low-mplitude oscil lation, M c 0.92, remains 86 the lfmiting factor 
in the  usable CN*,M envelope. The divergent  oscillation  about a l l  

three axes shown i n  this figure occurred  twice f o r  the original config- 
uration and was considered t o  be a factor  l imiting  the M range, re f -  
erence 1. Because of i ts  infrequent  occurrence and because of the 
l h i t e d  ex-perience with the thickened  elevon  configuration, it is not 
known w h e t h e r  this osci l la t ion remains as a limiting  factor f o r  the 
mdif ied airplane. 

Lateral  Control 

Lateral  control  characteristics have been determined f o r  one-half 
deflection,  rudder-fixed  aileron r o l l s  at pressure altitudes  near 
30,000 fee t .  The e f fec t  of thickened  elevons on lateral control is 
shown i n  figure 14. A t  a Mach number of 0.64, the time t o  r o l l  t o  goo 
is  reduced from 1.1 t o  0.9 seconds by thickening the elevons and at  
M 0.86, T is reduced from 0.9 t o  0.7 second so that a 15- t o  
25-percent  reduction i n  T is reallzed  throughout the Mach  number 
range  covered. The value of T 8=900 increased sharply beyond M = 0.89 
f o r  the modified  configuration,  but the data were not available t o  
determine the Mach nmiber at  which T increased f o r  the original 
configuration. 

d=9O0 
$=go0 

9=90° 

Sham in figure 14(b) is the variation of e with Mach nmber. 
6, 

The values of f o r  the modified  configuration are about 4-0 per- 

cent  greater  than f o r  the normal configuration a t  M c 0.64 and approx- 
imately 85 percent  greater at  M 0.88. The lateral control  decreases 
rapidly beyond M 0.89 for   the modified  configuration. In general, 
the flight data  confirm the findings of reference 2 regarding  the  effect 
of thickened t r a i l i ng  edge8 012 lateral control. 

'a 
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CONCLUSIONS 
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The effects  of thickening  the  elevon t r a i l i ng  edges on the X-4 a i r -  
plane t o  one -half the hinge-station  thickness were found t o  be as follows : 

1. Longitudinal  control  deflection  required  for  level  flight w a s  
reduced 20 percent a t  a Mach  number of 0.64 and 60 percent a t  a Mach 
number of 0.84 by the thickened  elevon  configuration. The modified 
configuration  experienced no abrupt trim changes u n t i l  8 gradual nose- 
down change occurred a t  Mach number of approximately 0.91. The original 
configuration  experienced nose-dawn changes at  Mach numbers of 0.74, 
0.83, and 0 .gO w i t h  a nose-up change occurring a t  a Mach number of 
approximately 0.88. 

2. The normal-f orce coefficient-Mach number boundary def hlng the 
region of decreasing s ta t ic   longi tudinal   s tabi l i ty  was l i t t l e  affected 
by thickening  the  elevons. 

3 .  The longitudinal  control  effectiveness of the modified  airplane 
increased above a Mach nmber of 0.85 and  decreased  rapidly beyond a . 
Mach  number of about 0.90, however a t  approximately 0.92 the effective- 
ness is s t i l l  as great as st the lowest test Mach nmibers.  For the 
original  airplane the control  effectiveness  decreases  rapidly beyond a - 
Mach  number of about 0.87. 

4. The safe Mach  number range of the X-4 was considered  limited  to 
a Mach  number of 0.92, normal-force coefficient approximately 0.2, by 
the  ini t ia t ion of a longitudinal  oscillation which increased  to a dan- 
gerous amplitude i f  Mach  number w a s  increased (as permitted by the mod- 
i f ica t ion) .  The i n i t i a l  low-amplitude osci l la t ion occurred a t  the same 
Mach  number for  both the original and modified  configurations. 

5 .  The attainable  helix  angle  per degree aileron w a s  increased by 
40 t o  85 percent  throughout the Mach number range by the  thickened con- 
t r o l  surfaces and the the t o   r o l l   t o .  90' was reduced 15 t o  25 percent. 

High-speed Flight  Station, 
National Advisory Committee fo r  Aeronautics, 

E&ards, C a l i f . ,  October 18, 1954. 

. 
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TAEIX I . . PHYSICAL CHARACTERISTICS OF NORTHROP X-4 

Airplane: 
Weight. l b  

Maximum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7. 820 
Minimum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6. 450 

Engines (two) . . . . . . . . . . . . . . . . . . .  Westinghouse 3-30-WE-7-9 
Rating  (each). s t a t i c  thrust a t  sea  level. lb . . . . . . . . . . .  1. 600 

Center-of-gravity  travel.  percent M.A.C.: 
UP. full l d  . . . . . . . . . .  ' . . . . . . . . . . . . . .  18.3 

ear w. post flight . . . . . . . . . . . . . . . . . . . . . . .  16.3 

Wing loading. lb/eq ft: 
Maxhum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  39.1 
mnimum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  32.2 

W i n g :  
AreS .Sqf t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  200 
s p a .  f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  26.8 
Airfoil  section  (exclueive of elevon. see   f ig  . 4)  . . . . . .  MACA 0010-64 
Mean aerodynamic chord. ft . . . . . . . . . . . . . . . . . . . . .  7.81 
b p e c t  r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.6 
Root chord. f% . . . . . . . . . . . . . . . . . . . . . . . . . . .  10.25 
Tip chord. ft . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.67 
Sweepback (leading  edge). deg . . . . . . . . . . . . . . . . . . . .  41.57 
Dihedral  (chord plane). de@; . . . . . . . . . . . . . . . . . . . . .  0 

W i n g  boundary-layer  fences : 
Length. percent local chord . . . . . . . . . . . . . . . . . . . . . .  30.0 
Height. percent local chord . . . . . . . . . . . . . . . . . . . . .  5.0 
Location. percent semispan . . . . . . . . . . . . . . . . . . . . .  9.0 

Elevons : 
Area (t-). sq ft, . . . . . . . . . . . . . . . . . . . . . . . . .  17.20 
Chord. percent wing chord . . . . . . . . . . . . . . . . . . . . . .  x) 
Profile . . . . . . . . . . . . . . . . . . . . . . . . . . . .  See figure 4 
Movement. deg : 
up . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  35 
D m  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 

Operation . . . . . . . . . . . . . . .  €I&traulic with  e lectr ical  emergency 

Vertical tail: 
Area. sq ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  16 
Ileight. f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5.96 

Rudder : 
Area. sq ft  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.1 
span. f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.3 
Travel. deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f30 
Operation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Direct 

. 
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Figure 1. - Three-view d r a m  of the H o r t h r q p  X& ahplane. 



~-864rc1. 
plgure 2.- Photograph of X-4 semitailless airplane. 
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Figure 6.  - Time histories of wind-up turns.  
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Figure 6. - Corrtinued. 
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Figure 6 . -  Concluded. - 
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(a) M f l  0.73; % - 28;ooo feet. 

Figure 7.- The variation of normal-force coefficient and longitudinal 
control angle with angle of attack obtained in wind-ug turns. 
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Figure 7.- Continued. 
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Mach number, M 

Figure 8.- Boundary describing decay of s ta t ic   longi tudina l  stability. 
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Figure 9.- The variatioh of static longitudinal stability with Mach number 
near level flight. bp PJ ~,ooO feet. 
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Figure 10.- lche variation of the  apparent  Etatic  longitudinal stability 
parmeter dCn wlth Mach d e r  near level f l ight .  $ = 30,oOO feet. 
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(a) Airplane induced. 

Figure 12.- Time history of high amplitude, high frequency longitudinal 
oscillation. + = 30,000 feet,  thickened elevons. - 
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(b) Pi lo t  induced. 

Figure 12. - Concluded.. 
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Figwe 13.- Usable flight envelope for t h e  X-4 airplane. 
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(b) Wing-tip helix  angle  per degree ' control deflection. 

Figure 14.- Varfation  with mch number  of time t o  bank 90' and w i n g - t i p  
helix angle  per  degree  control  deflection. % TJ 30,000 feet .  
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